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WIRELESS MEDICAL DEVICE WITH A
COMPLEMENTARY SPLIT RING
RESONATOR ARRANGEMENT FOR
SUPPRESSION OF ELECTROMAGNETIC
INTERFERENCE

TECHNICAL FIELD

Embodiments of the subject matter described herein relate
generally to wireless medical devices. More particularly,
embodiments of the subject matter relate to techniques and
components that reduce the emission of electromagnetic
interference from wireless medical devices, as well as their
susceptibility from unwanted electromagnetic radiation.

BACKGROUND

The prior art 1s replete with electronic devices that support
wireless data communication. Wireless medical devices are
usetul for patients that have conditions that must be moni-
tored on a continuous or Irequent basis. For example,
individuals with Type 1 diabetes and some individuals with
Type 2 diabetes use insulin pumps to control their blood
glucose levels. An insulin pump 1s one example of a medical
fluid 1infusion device that can be designed to support wireless
communication with other electronic devices, computer-
based systems, or medical system components. For example,
a wireless-enabled insulin pump can be configured to sup-
port any of the following functions: wirelessly receive
control commands or instructions from another device;
wirelessly transmit pump status data and/or patient data to
another device; wirelessly receive glucose data from a
continuous glucose sensor transmitter component; and wire-
lessly upload/download configuration data, updates, or set-
tings from a server system.

Ideally, wireless medical devices should be designed to be
relatively immune to electromagnetic interference and, con-
versely, should be designed to minimize the emission of
unwanted electromagnetic radiation. In this regard, wireless
devices must fulfill certain international standards and regu-
lations related to the management of electromagnetic emis-
sions, to ensure compatibility with neighboring electronic
devices. Electromagnetic interference 1s a complex mecha-
nism that takes place at different levels, including the
chassis, circuit board, electronic component, and device
level. Radiation sources typically include conductive trace
coupling, cables attached to circuit boards, components such
as chip packages and heat sinks, power busses, and other
clements that can provide a low impedance current path.

Accordingly, 1t 1s desirable to have an eflicient and
ellective approach to handle electromagnetic emission of a
wireless-enabled electronic device, such as a wireless medi-
cal device. Furthermore, other desirable features and char-
acteristics will become apparent from the subsequent
detalled description and the appended claims, taken 1in
conjunction with the accompanying drawings and the fore-
going technical field and background.

BRIEF SUMMARY

An exemplary embodiment of a medical device 1s pre-
sented here. The medical device includes a radio frequency
(RF) communication module to process RF signals associ-
ated with operation of the medical device, where the RF
signals have a nominal transmission frequency. The medical
device also includes an RF antenna associated with the RF
communication module, and a microstrip transmission com-
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ponent coupled between the RF communication module and
the RF antenna. The microstrip transmission component
includes a dielectric substrate having an upper major suriace
and a lower major surface opposite the upper major surface,
an electrically conductive signal trace formed overlying the
upper major surface, an electrically conductive ground plane
formed overlying the lower major surface, and a comple-
mentary split ring resonator (CSRR) arrangement integrally
formed 1n the electrically conductive ground plane, and
having a layout and dimensions tuned to cause the CSRR
arrangement to resonate at the second harmonic frequency
of the nominal transmission frequency.

Another exemplary embodiment of a medical fluid infu-
sion device 1s also presented here. The medical device
includes an RF communication module to process RF sig-
nals associated with operation of the medical device, where
the RF signals have a nominal transmission frequency. The
medical device also 1includes an RF antenna associated with
the RF communication module, and a microstrip transmis-
sion component coupled between the RF communication
module and the RF antenna. The microstrip transmission
component includes a dielectric substrate having an upper
major surface and a lower major surtace opposite the upper
major surface, an electrically conductive signal trace formed
overlying the upper major surface, an electrically conductive
ground plane formed overlying the lower major surface, and
a CSRR arrangement for the microstrip transmission coms-
ponent. The CSRR arrangement has a layout and dimensions
tuned to cause the CSRR arrangement to suppress the
second harmonic frequency component of the nominal trans-
mission frequency of the RF signals.

Another exemplary embodiment of a medical device 1s
also presented here. The medical device includes an RF
communication module to process RF signals associated
with operation of the medical device, where the RF signals
have a nominal transmission frequency. The medical device
also includes an RF antenna associated with the RF com-
munication module, and a microstrip transmission compo-
nent coupled between the RF commumnication module and
the RF antenna. The microstrip transmission component
includes a dielectric substrate having an upper major surface
and a lower major surface opposite the upper major surface,
an electrically conductive signal trace formed on the upper
major surface, and a layer of electrically conductive material
formed on the lower major surface. The layer of electrically
conductive material includes voids formed therein to define
a CSRR arrangement having a layout and dimensions tuned
to cause the CSRR arrangement to resonate at the second
harmonic frequency of the nominal transmission frequency.

This summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the detailed description. This summary 1s not
intended to 1dentify key features or essential features of the

claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the subject matter may
be derived by referring to the detailed description and claims
when considered in conjunction with the following figures,
wherein like reference numbers refer to similar elements
throughout the figures. The drawings are not to scale, and the
dimensions of certain features have been exaggerated for
clarity and ease of description.
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FIG. 1 1s a plan view of an exemplary embodiment of a
fluid delivery system that includes a medical fluid infusion

device and an infusion set;

FIG. 2 1s a schematic block diagram representation of a
wireless communication subsystem suitable for use with the 5
medical fluid infusion device shown i1n FIG. 1;

FIG. 3 1s a perspective phantom view of a microstrip
transmission component having a complementary split ring,
resonator (CSRR) arrangement integrally formed therein;

FIG. 4 1s an exploded perspective view of the microstrip 10
transmission component shown in FIG. 3;

FIG. 5 15 a top phantom view of the microstrip transmis-
sion component shown 1n FIG. 3; and

FIG. 6 1s a plan view of an exemplary embodiment of a
CSRR element suitable for use with the microstrip trans- 15
mission component shown 1n FIG. 3.

DETAILED DESCRIPTION

The following detailed description 1s merely illustrative in 20
nature and 1s not intended to limit the embodiments of the
subject matter or the application and uses of such embodi-
ments. As used herein, the word “exemplary” means “serv-
ing as an example, instance, or illustration.” Any implemen-
tation described herein as exemplary 1s not necessarily to be 25
construed as preferred or advantageous over other imple-
mentations. Furthermore, there 1s no intention to be bound
by any expressed or implied theory presented 1n the preced-
ing technical field, background, brief summary or the fol-
lowing detailed description. 30

Certain terminology may be used in the following
description for the purpose of reference only, and thus are
not intended to be limiting. For example, terms such as
“upper”’, “lower”, “above”, and “below” refer to directions
in the drawings to which reference 1s made. Terms such as 35
“front”, “back™, “rear”, “side”, “outboard,” and “inboard”
describe the orientation and/or location of portions of the
component within a consistent but arbitrary frame of refer-
ence which 1s made clear by reference to the text and the
associated drawings describing the component under dis- 40
cussion. Such terminology may include the words specifi-
cally mentioned above, derivatives thereof, and words of
similar import. Similarly, the terms “first”, “second” and
other such numerical terms referring to structures do not
imply a sequence or order unless clearly indicated by the 45
context.

The subject matter described here generally relates to the
management of electromagnetic interference associated with
the operation of wireless electronic devices, such as wireless
medical devices. The solution presented here can be applied 50
to any medical device using wireless communication that
requires 1mmunity and low emission of electromagnetic
radiation (e.g., a defibrillator device, a pacemaker device, or
the like). Although the subject matter described here can be
implemented i a variety of different wireless devices, the 55
exemplary embodiment presented here 1s a wireless medical
fluid 1nfusion device of the type used to treat a medical
condition of a patient. The medical fluid mtfusion device 1s
used for infusing a medication fluid 1nto the body of a user.
The non-limiting example described below relates to a 60
medical device used to treat diabetes (more specifically, an
insulin 1nfusion pump), although embodiments of the dis-
closed subject matter are not so limited. Accordingly, the
medication tluid 1s 1mnsulin in certain embodiments. In alter-
native embodiments, however, many other fluids may be 65
administered through infusion such as, but not limited to,

disease treatments, drugs to treat pulmonary hypertension,

4

iron chelation drugs, pain medications, anti-cancer treat-
ments, medications, vitamins, hormones, or the like.

For the sake of brevity, conventional features and func-
tionality related to infusion systems, mnsulin pumps, and
theirr wireless communication capabilitiecs may not be
described 1n detail here. Examples of fluid infusion pumps
having wireless features may be of the type described in, but
not limited to, U.S. Pat. Nos. 8,208,973 and 8,344,847,
which are herein incorporated by reference.

Referring to the drawings, FIG. 1 1s a plan view of an
exemplary embodiment of a fluid delivery system 100 that
includes a portable medical fluid infusion device 102 and a
fluid conduit assembly that takes the form of an infusion set
104. For this particular embodiment, the infusion set 104 can
be coupled to the fluid miusion device 102 as depicted 1n
FIG. 1. The fluid infusion device 102 accommodates a tluid
reservolr (hidden from view in FIG. 1) for the medication
fluid to be delivered to the user.

The illustrated embodiment of the infusion set 104
includes, without limitation: a length of tubing 110; an
infusion unit 112 coupled to the distal end of the tubing 110;
and a connector 114 coupled to the proximal end of the
tubing 110. The fluid infusion device 102 1s designed to be
carried or worn by the patient, and the infusion set 104
terminates at the infusion unit 112 such that the flud
infusion device 102 can deliver fluid to the body of the
patient via the tubing 110. The infusion umt 112 includes a
cannula (hidden from view 1n FIG. 1) that 1s coupled to the
distal end of the tubing 110. The cannula 1s inserted into the
skin and 1s held 1n place during use of the fluid infusion
device 102.

The infusion set 104 defines a fluid flow path that fluidly
couples the fluid reservoir to the infusion unit 112. The
connector 114 mates with and couples to a section of the
fluid reservoir, which 1n turn 1s coupled to a housing 120 of
the fluid infusion device 102. The connector 114 establishes
the fluid path from the fluid reservoir to the tubing 110.
Actuation of the fluid infusion device 102 causes the medi-
cation fluid to be expelled from the fluid reservoir, through
the infusion set 104, and into the body of the patient via the
infusion unit 112 and cannula at the distal end of the tubing
110. Accordingly, when the connector 114 1s installed as
depicted 1n FIG. 1, the tubing 110 extends from the fluid
infusion device 102 to the infusion unit 112, which 1n turn
provides a fluid pathway to the body of the patient.

The fluid mnfusion device 102 includes a radio frequency
(RF) antenna to support wireless data communication with
other devices, systems, and/or components. The RF antenna
can be located inside the housing 120 or 1t can be integrally
formed with the housing 120. Accordingly, the RF antenna
1s hidden from view in FIG. 1.

FIG. 2 1s a schematic block diagram representation of a
wireless communication subsystem 200 suitable for use with
the medical fluid infusion device 102 shown in FIG. 1. It
should be apparent that F1G. 2 depicts the wireless commu-
nication subsystem 200 1n a very simplified manner, and that
a practical embodiment of the fluid infusion device 102 will
of course include many additional features and components.
The wireless communication subsystem 200 generally
includes, without limitation: an RF communication module
202; a transmission component 204; an RF antenna 206
coupled to the RF communication module 202 by way of the
transmission component 204; a power supply 208; a pro-
cessor 210; and an appropriate amount of memory 212. As
explained 1n more detail below, an exemplary embodiment
of the transmission component 204 imncludes a complemen-
tary split ring resonator (CSRR) arrangement incorporated
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therein. The various operating elements of the wireless
communication subsystem 200 are coupled together as
needed to facilitate the delivery of operating power from the
power supply 208, the transfer of data, the transfer of control
signals and commands, and the like.

The RF communication module 202 1s suitably config-
ured to process RF signals associated with the operation of
the fluid infusion device 102, and to otherwise support the
wireless communication functions of the fluid infusion
device 102. In this regard, the RF communication module
202 may include a transceiver or radio element that gener-
ates RF signals suitable for transmission, and that 1s capable
of receiving RF signals generated by neighboring devices,
systems, or components. Thus, the RF communication mod-
ule 202 1s suitably configured to generate the RFE signals to
be transmitted by the antenna 206. For the exemplary
embodiment described herein, the RF communication mod-
ule 202 1s designed to operate 1n the ultra-high frequency
(UHF) band. Alternate embodiments may instead utilize
other RF bands or frequencies as appropriate. In certain
practical embodiments, the RF communication module 202
and the RF antenna are designed and tuned to accommodate
RF signals having a nominal transmission frequency cen-
tered around 2.4 GHz. In this regard, the RF communication
module 202 and the RF antenna 206 can be suitably con-
figured to handle RF signals having frequencies within the
range of about 2.402 GHz to about 2.480 GHz.

The RF antenna 206 1s operationally associated with the
RF communication module 202. Thus, the RF antenna 206
can be designed, configured, and tuned to accommodate the
particular operating Ifrequency band utilized by the RF
communication module 202. The RF antenna 206 1s suitably
configured to transmit and receive RF energy associated
with the operation of the host electronic device. Accord-
ingly, the transmission component 204 1s coupled between
the RF communication module 202 and the RF antenna 206
to convey RF signals in a bidirectional manner. As described
in more detail below, the transmission component 204 can
be realized as a microstrip transmission line having an
clectrically conductive signal trace fabricated on the upper
surface ol a dielectric substrate, and having an electrically
conductive ground plane fabricated on the lower surface of
the dielectric substrate. Moreover, the wireless communica-
tion subsystem 200 includes a CSRR arrangement that 1s
preferably realized as an integrated feature of the transmis-
sion component 204,

The power supply 208 may be a disposable or recharge-
able battery, a set of batteries, or a battery pack that 1s rated
to provide the necessary voltage and energy to support the
operation of the wireless communication subsystem 200.
Alternatively or additionally, the power supply 208 may
receive power from an external source such as an ordinary
AC outlet, a portable charger, or the like. In a typical
implementation, the power supply 208 also provides oper-
ating energy to other components and subsystems of the host
device.

The processor 210 may be any general purpose micro-
processor, controller, or microcontroller that 1s suitably
configured to control the operation of the host device,
including the wireless communication subsystem 200. In
practice, the processor 210 may execute one or more soit-
ware applications or instruction sets that provide the desired
tfunctionality for the host device. In this regard, the processor
210 can control, manage, and regulate the generation and
transmission of outgoing RF signals, and the receipt and
handling of incoming RF signals as needed.
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The memory 212 may be realized as any processor-
readable medium, 1ncluding an electronic circuit, a semi-
conductor memory device, a ROM, a flash memory, an
crasable ROM, a floppy diskette, a CD-ROM, an optical
disk, a hard disk, an organic memory element, or the like.
For example, the memory 212 1s capable of storing appli-
cation software utilized by the host device and/or data
utilized by the host device during operation, e.g., physi-
ological data of the patient, device status data, control
commands, configuration setting data, and the like.

In certain embodiments, the medical fluid infusion device
102 and the wireless communication subsystem 200 utilize
circuit boards to mount electronic components and to 1imple-
ment conductive traces, signal paths, and voltage supply
lines. In this regard, operating power/energy can be provided
by power planes embedded 1n a multilayer structure of a
circuit board. Such power planes can induce electromagnetic
radiation 1n a manner that 1s highly analogous to the way
microstrip antennas radiate RF energy. In a microstrip patch
antenna and 1n a printed circuit board, radiation 1s imduced
by a time-varying fringing electric field at the edges of the
board. It 1s desirable to have a low cost electromagnetic
filtering technique that also reduces the size and footprint of
traditional electromagnetic interference filter components.

The concept presented here utilizes the conductive ground
plane of the transmission component 204 to form periodic or
quasi-periodic structures with electromagnetically control-
lable properties and characteristics. More specifically, the
transmission component 204 1s suitably designed and fab-
ricated to include sub-wavelength resonators that are con-
figured to reduce electromagnetic interference. In this
regard, the conductive ground plane 1s carefully fabricated to
create a CSRR arrangement, which can be deployed as an
alternative to microstrip stopband structures. The CSRR
arrangement preferably includes a plurality of identical
CSRR elements that cooperate to suppress certain RF signal
frequencies, 1n particular, the second harmonic frequency of
the RF signals of interest (which are transmitted and
received by the host electronic device). For the exemplary
embodiment described here, the CSRR arrangement 1is
shaped, sized, dimensioned, and otherwise configured 1n
accordance with the targeted pass band frequency range of
2.402 to 2.480 GHz, and 1n accordance with the targeted stop
band frequency range of 4.804 to 4.960 GHz. It should be
understood that the particular pass band and stop band
frequency ranges will be dictated by the specific wireless
protocol utilized by the host device. In this regard, a number
of standard RF integrated circuit radios for medical device
deployment use the 2.4 GHz industrial, scientific, and medi-
cal (ISM) band which mmplies the 4.804 to 4.960 GHz
bandwidth. In practice, additional stop bands can be 1mple-
mented by including multiple CSRRs of different sizes.

FIG. 3 1s a perspective phantom view ol a microstrip
transmission component 300 having a CSRR arrangement
302 integrally formed therein, FIG. 4 1s an exploded per-
spective view ol the microstrip transmission component
300, and FIG. S 1s a top phantom view of the microstrip
transmission component 300. The microstrip transmission
component 300 1s depicted 1n a simplified manner for clarity
and ease of description. The shape, size, and topology of the
microstrip transmission component 300 can vary as needed
for the particular embodiment.

The microstrip transmission component 300 generally
includes, without limitation: a dielectric substrate 304; an
clectrically conductive signal trace 306; and an electrically
conductive ground plane 308. For this particular embodi-
ment, the CSRR arrangement 302 1s imntegrally formed in the
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ground plane 308. The dielectric substrate 304 1s formed
from a suitable dielectric or insulating material such as,
without limitation, plastic, an FR-4 circuit board material, a
ceramic material, a flexible vinyl material, or the like. In
some embodiments, the dielectric substrate 304 1s a distinct
component of the wireless communication subsystem 200,
as schematically depicted in FIG. 2. In other embodiments,
the dielectric substrate 304 can be realized as an integrated
part of the housing 120, an internal structure, or other part
of the fluid infusion device 102.

The dielectric constant of the substrate 304 can be chosen
to obtain the desired electromagnetic characteristics. For
example, the substrate 304 can be formed from a material
having a dielectric constant within the range of about 3.0 to
12.0. In accordance with certain exemplary embodiments,
the substrate 304 1s formed from a thin FR-4 material having
a specified dielectric constant of 4.4. The thickness (1.e., the
height dimension relative to the perspective shown in FIG.
3) of the substrate 304 can also vary from one embodiment
to another, as appropriate to achieve the desired electromag-
netic characteristics. The embodiment mentioned here
employs an FR-4 substrate 304 having a nominal thickness
of 1.0 mm.

The dielectric substrate 304 has an upper major surface
312 and a lower major surface 314 opposite the upper major
surface 312 (see FI1G. 4, which depicts the signal trace 306
and the ground plane 308 separated from the dielectric
substrate 304). The electrically conductive signal trace 306
1s formed overlying the upper major surface 312, and the
clectrically conductive ground plane 308 1s formed overly-
ing the lower major surface 314. For the 1llustrated embodi-
ment, the signal trace 306 1s formed directly on the upper
major surface 312, and the ground plane 308 1s formed
directly on the lower major surface 314. The signal trace 306
and the ground plane 308 can be formed from an electrically
conductive material such as, without limitation, copper,
aluminum, gold, alloys thereof, or the like. In practice, the
signal trace 306 and the ground plane 308 are formed from
respective layers of electrically conductive material that
reside on the dielectric substrate 304. The signal trace 306
can be fabricated by the selective removal of portions of the
clectrically conductive material on the upper major surface
312, e.g., by a conventional etching procedure. Likewise, the
CSRR arrangement 302 can be defined by voids formed 1n
the electrically conductive maternial on the lower major
surface 314. Thus, the spaces corresponding to the CSRR
arrangement 302 can be fabricated by the selective removal
of portions of the electrically conductive material on the
lower major surface 314, e.g., by a conventional etching
procedure. Etching away the conductive material on the
lower major surface 314 represents one suitable process for
integrally forming the CSRR arrangement 302 1n the elec-
trically conductive ground plane 308.

The CSRR arrangement 302 has a layout and dimensions
that are tuned to cause the CSRR arrangement 302 to
resonate at the second harmonic frequency of the nominal
transmission frequency of the RF signals carried by the
microstrip transmission component 300. As mentioned
above, the exemplary embodiment described here considers
a nominal transmission frequency of 2.40 GHz, having a
second harmonic frequency of 4.80 GHz. Thus, the layout
and dimensions of the CSRR arrangement are tuned to cause
the CSRR arrangement to suppress or filter frequencies in a
band centered around 4.80 GHz.

Although not always required, the illustrated embodiment
of the CSRR arrangement 302 includes a plurality of CSRR
clements 320 in series with one another. The depicted
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embodiment includes four CSRR elements 320, which are
all identical 1n layout and 1n their dimensions. As best shown
in FIG. § (which 1s a top phantom view of the microstrip
transmission component 300), the CSRR elements 320 are
arranged such that they are all centered 1n alignment with the
clectrically conductive signal trace 306. In other words, the
top-down (or, equivalently, the bottom-up) projection of the
signal trace 306 has a longitudinal axis that intersects the
centers of the CSRR elements 320. This arrangement 1s
desirable to optimize the RF coupling between the signal
trace and the CSRR elements 320.

A split ring resonator (SRR) 1s a resonant element having
a high quality factor at microwave frequencies. An SRR 1s
fabricated from concentric electrically conductive split
rings. When an SRR 1s excited by an external time varying
magnetic field applied parallel to the ring axis, an electro-
motive force around the SRR 1s generated, which gives rise
to current loops 1n the SRR. These current loops are closed
through the distributed capacitance between the concentric
rings. In this regard, an SRR behaves as an externally driven
LC circuit with a resonant frequency that can be tuned by
varying certain dimensions of the SRR.

By invoking the concepts of duality and complementarity,
a CSRR can be dertved from an SRR structure in a straight-
forward way. In planar technology, a CSRR can be defined
as the negative of an SRR. Accordingly, a CSRR exhibits an
clectromagnetic behavior that 1s almost the dual of that of an
SRR. More specifically, a negative-¢ eflective permittivity
can be expected for any CSRR-based medium, whereas a
negative-u behavior arises in an equivalent SRR system. In
other words, an SRR can be considered to be a resonant
magnetic dipole that can be excited by an axial magnetic
field, while a CSRR essentially behaves as an electric dipole
(with the same frequency of resonance) that can be excited
by an axial electric field. The latter characteristic makes a
CSRR an 1deal candidate for microstrip technology imple-
mentation.

Materials with negative permeability and/or negative per-
mittivity are known as metamaterials (IM1TMs). The concept
of MTMs plays an important role in science and technology
due to the large applicability of MTMs 1n the development
of eflicient devices. MTMs are artificial structures with
clectromagnetic properties different from conventional
materials. They are constructed to accomplish specifically
desired physical properties such as negative permeability
and/or negative permittivity, and/or to alter the electromag-
netic response of a device for the frequency region of
interest. Most metamaterials include scattering element
arrays embedded 1n a host matrix. The scattering elements
are typically identical, and the electromagnetic properties of
the medium can be inferred from the properties of the umit
cell (formed by one repeated element as depicted 1n FIG. 6).
This characteristic allows the designer to engineer the efiec-
tive electromagnetic parameters of the medium by modify-
ing the size, shape, and composition of the unit cell.

CSRRs are sub-lambda structures, 1.e., their dimensions
are electrically small at the resonant frequency (typically
=hg/10). As used here, Ag 1s the guide wavelength 1n the
guiding structure (e.g., microstrip) as opposed to the wave-
length 1n free space. Due to the small electrical dimensions,
a high level of mimaturization 1s expected when using
CSRRs. Moreover, the proposed stopband arrangement
described herein has the advantage of an easier and low-cost
implementation in microstrip technology, because coupling
between the CSRR arrangement 302 and the electrically
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conductive signal trace 306 can be simply achieved by
etching the CSRR elements 320 directly 1n the conductive
ground plane 308.

The CSRR elements 320 (and, therefore, the CSRR
arrangement 302) and/or the microstrip transmission coms-
ponent 300 can be tuned to resonate at the desired frequency
or frequency band. More specifically, any of the following
parameters can be adjusted individually or in any desired
combination: the type of dielectric material (and, inherently,
the dielectric constant) used for the dielectric substrate 304;
the thickness/height of the dielectric substrate 304; the type
of conductive material used for the signal trace 306; the type
ol conductive material used for the ground plane 308; the
overall shape of each CSRR element 320; the number of
CSRR elements 320 deployed; the location of the CSRR
clements 320 relative to the signal trace 306; the array period
used for the CSRR elements 320 (1.e., the distance between
neighboring CSRR elements 320); the width of the signal
trace 306; and certain dimensions of the CSRR elements
320. In this regard, FIG. 6 1s a plan view of an exemplary
embodiment of a CSRR element 320; FIG. 6 employs an
exaggerated scale for ease of illustration.

As mentioned above, each CSRR element 320 in the
CSRR arrangement 302 1s 1identically configured as depicted
in FIG. 6. The CSRR element 320 includes an outer split
ring shaped void 350 formed 1n the electrically conductive
material 352, and an 1nner split ring shaped void 354 formed
in the electrically conductive material 352. The mnner split
ring shaped void 354 resides 1n an interior space 356 defined
by the outer split ring shaped void 350, and the two split rmg
shaped voids 350, 354 are concentric. The outer split ring
shaped void 350 defines a gap 360, wherein the electrically
conductive material 352 fills the gap 360. Similarly, the
iner split ring shaped void 354 defines a gap 362, wherein
the electrically conductive material 352 fills the gap 362.

FIG. 6 includes labels that indicate certain tunable dimen-
sions of the CSRR element 320. The labels and their
corresponding dimensions are listed below:

r=inermost radius of the mner split ring shaped void 354;

c=line width of the mner split ring shaped void 354, which
equals the line width of the outer split ring shaped void 350
for this particular embodiment;

d=line width (separation distance) between the inner split
ring shaped void 354 and the outer split ring shaped void
350;

g=distance of the gap 360 of the outer split ring shaped
void, which equals the distance of the gap 362 of the inner
split ring shaped void for this particular embodiment.

Any of the above dimensions can be adjusted to tune the
clectromagnetic performance of the CSRR arrangement 302.
Moreover, the dielectric constant of the substrate 304, the
height of the substrate 304, the line width of the signal trace
306, and the center-to-center distance between neighboring
CSRR elements 320 (1.e., the array period) can be adjusted
to tune the electromagnetic characteristics and properties of
the CSRR arrangement 302. In particular, any one or any
combination of these parameters can be adjusted to influence
the passband of the microstrip transmission component 300,
the stopband (resonant frequency band) of the CSRR
arrangement 302, and the like.

In accordance with certain exemplary embodiments, the
dielectric substrate 304 1s formed from a thin FR-4 board
having a thickness of 1.0 mm, and having a dielectric
constant of 4.4. For this particular embodiment: the line
width of the signal trace 306 1s 1.9 mm; the line widths for
c, d, and g are all equal to 0.25 mm; the radius r equals 1.75
mm; and the array period equals 5.83 mm. Simulated results
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for a microstrip transmission component 300 having this
configuration indicate a stopband (-20.0 dB rejection) of
4.60 GHz to 5.29 GHz, which encompasses the first har-
monic frequency of the desired RF signals (4.80 GHz).
Theretore, a wireless electronic device, such as a medical
fluid infusion device, can utilize the microstrip transmission
component 300 to facilitate the communication of RF sig-
nals at the nominal transmission frequency of 2.4 GHz while
cllectively suppressing unwanted frequency components
centered around the first harmonic frequency of 4.8 GHz. Of
course, the dimensions outlined above are merely exem-
plary, and an embodiment of the microstrip transmission
component 300 can utilize a CSRR arrangement 302 having
alternative specifications 1t so desired, especially if needed
to reject or suppress a different frequency band.

While at least one exemplary embodiment has been
presented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of vanations exist. It should
also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the
scope, applicability, or configuration of the claimed subject
matter in any way. Rather, the foregoing detailed description
will provide those skilled 1n the art with a convenient road
map Jor implementing the described embodiment or
embodiments. It should be understood that various changes
can be made 1n the function and arrangement of elements
without departing from the scope defined by the claims,
which includes known equivalents and foreseeable equiva-
lents at the time of filing this patent application.

What 1s claimed 1s:

1. A medical device comprising:

a housing;

a radio frequency (RF) communication module to process
RF signals associated with operation of the medical
device, the RF signals having a nominal transmission
frequency;

an RF antenna associated with the RF communication
module, the RF antenna integrally formed with the
housing;

a physically distinct microstrip transmission component
coupled between the RF communication module and
the RF antenna, the microstrip transmission component
comprising;:

a dielectric substrate having an upper major surface and
a lower major surface opposite the upper major
surface;

an e¢lectrically conductive signal trace formed overly-
ing the upper major surface;

an electrically conductive ground plane formed over-
lying the lower major surface; and

a complementary split ring resonator (CSRR) arrange-
ment integrally formed 1n the electrically conductive
ground plane, and having a layout and dimensions
tuned to cause the CSRR arrangement to resonate at
a harmonic frequency of the nominal transmission
frequency.

2. The medical device of claim 1, wherein the CSRR
arrangement comprises a plurality of CSRR elements 1n
series and centered 1n alignment with the electrically con-
ductive signal trace.

3. The medical device of claim 2, wherein the CSRR
clements are identical in layout and dimensions.

4. The medical device of claim 1, wherein:

the RF communication module and the RF antenna
accommodate RF signals having the nominal transmis-
sion frequency centered around 2.4 GHz; and
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the layout and dimensions of the CSRR arrangement are
tuned to cause the CSRR arrangement to resonate at a
frequency centered around 4.8 GHz.

5. The medical device of claim 1, wherein:

the electrically conductive signal trace 1s formed directly
on the upper major surface; and

the electrically conductive ground plane 1s formed
directly on the lower major surface.

6. The medical device of claim 1, wherein:

the electrically conductive ground plane comprises a layer
of electrically conductive material formed directly on
the lower major surface; and

the CSRR arrangement 1s defined by voids formed 1n the
clectrically conductive matenal.

7. The medical device of claim 1, wherein:

the electrically conductive ground plane comprises a layer
of electrically conductive material formed directly on
the lower major surface; and

the CSRR arrangement 1s defined by selective removal of
portions of the electrically conductive matenal.

8. A medical fluid infusion device comprising;:

a housing;

a radio frequency (RF) communication module to process

RF signals associated with operation of the medical

device, the RF signals having a nominal transmission
frequency;

an RF antenna associated with the RF communication
module, the RF antenna integrally formed with the
housing;

a physically distinct microstrip transmission component
coupled between the RF communication module and
the RF antenna, the microstrip transmission component
comprising:

a dielectric substrate having an upper major surface and
a lower major surface opposite the upper major
surface:

an electrically conductive signal trace formed overly-
ing the upper major surface; and

an electrically conductive ground plane formed overlying
the lower major surface; and

a complementary split ring resonator (CSRR) arrange-
ment for the microstrip transmission component, the
CSRR arrangement having a layout and dimensions
tuned to cause the CSRR arrangement to suppress a
harmonic frequency component of the nominal trans-
mission frequency of the RF signals.

9. The medical fluid infusion device of claim 8, wherein
the CSRR arrangement comprises a plurality of CSRR
clements in series and centered in alignment with the
clectrically conductive signal trace.

10. The medical fluid infusion device of claim 8, wherein:

the electrically conductive signal trace 1s formed directly
on the upper major surface; and

the electrically conductive ground plane 1s formed
directly on the lower major surface.

11. The medical fluid infusion device of claim 8, wherein
the layout and dimensions of the CSRR arrangement are
tuned to cause the CSRR arrangement to resonate at the
harmonic frequency.

12. The medical fluid infusion device of claim 8, wherein
the CSRR arrangement 1s integrally formed 1n the electri-
cally conductive ground plane.

13. The medical fluid infusion device of claam 12,
wherein:
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the electrically conductive ground plane comprises a layer
of electrically conductive material formed directly on
the lower major surface; and

the CSRR arrangement 1s defined by voids formed in the
clectrically conductive matenal.

14. The medical fluild infusion device of claim 12,

wherein:

the electrically conductive ground plane comprises a layer
ol electrically conductive material formed directly on
the lower major surface; and

the CSRR arrangement 1s defined by selective removal of
portions of the electrically conductive material.

15. A medical device comprising:

a housing;

a radio frequency (RF) communication module to process
RF signals associated with operation of the medical
device, the RF signals having a nominal transmission
frequency;

an RF antenna associated with the RF communication
module, the RF antenna integrally formed with the
housing;

a physically distinct microstrip transmission component
coupled between the RF communication module and
the RF antenna, the microstrip transmission component
comprising:

a dielectric substrate having an upper major surface and
a lower major surface opposite the upper major
surface;

an electrically conductive signal trace formed on the
upper major surface; and

a layer of electrically conductive matenial formed on
the lower major surface, the layer of electrically
conductive material comprising voids formed therein
to define a complementary split ring resonator
(CSRR) arrangement having a layout and dimen-
sions tuned to cause the CSRR arrangement to
resonate at a harmonic frequency of the nominal
transmission frequency.

16. The medical device of claim 15, wherein the layer of
clectrically conductive material serves as a ground plane for
the electrically conductive signal trace.

17. The medical device of claim 15, wherein the CSRR
arrangement comprises a plurality of CSRR elements 1n
series and centered 1n alignment with the electrically con-
ductive signal trace.

18. The medical device of claim 17, wherein the CSRR
clements are identical in layout and dimensions.

19. The medical device of claim 17, wherein each of the
CSRR elements comprises:

an outer split ring shaped void formed 1n the electrically
conductive material; and

an mner split ring shaped void formed 1n the electrically
conductive material, the mner split ring shaped void
residing 1n an interior space defined by the outer split
ring shaped void, and the inner split nng shaped void
being concentric with the outer split ring shaped void.

20. The medical device of claim 17, wherein:

the outer split ring shaped void has a first line width;

the 1mmner split ring shaped void has a second line width;

the outer split ring shaped void 1s separated from the inner
split ring shaped void by a third line width; and

the first line width, the second line width, and the third
line width are equal.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

